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® Apparatus and method for 

® The invention relates to an apparatus for preassembrmg 
components of a top nozzle es a subassembly for subsequent 
rno urmng th ereof on the skeleton of a nuclear fuel assembly, 
the components comprising a lower adapter plate (30), guide- 
thimble extensions (26) extending through holes in the adapter 
plate, an upper bearing plate (34) with passageways (38) for 
recenrfng upper end portions of the extensions (26), hold-down 
springs (46) between the adapter and bearing plates, and lower 
and upper retainers (48. 50) coopers We in the finished sub- 
assembly with the adapter and bearing plates for maintaining 
the hold-down springs partially compressed therebetween. 

The preassembling apparatus comprises a base (70) with 
compliant means (74, 76) for yieldingly supporting the lower 
ends of the guide-thimble extensions and biasing the lower re- 
tainers (48) thereon against the adapter plate; locating pins 
(78) insertable through the passageways of the bearing ptate 
and into the upper end portions of the extensions to provide ax- 
ial alignment end guidance for the latter with respect to the 
passageways; and loading means (80, 86) operable to move 
the bearing plate toward adapter plate, thereby to compress 
the hold-down springs between the plates and. at the same 
time, guidedly insert the upper end portions of the extensions 
into said passageways for connection of said end portions to 
the upper retainers (50). An orientation plate (88) has afign- 
ment pins (90) which cooperate with scallops (56) in the lower 
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retainers (48) to assure proper alignment of the scallops with 
fuel rods upon mounting of the subassembly on the fuel 
assembly skeleton. 
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APPARATUS AND METHOD FOR P REASSEMBLING A 
TOP NOZZLE SUBASSEMBLY FOR A NUCLEAR FUEL ASSEMBLY 

This invention relates generally to fuel assem- 
blies for nuclear reactors and, more particularly, to an 
apparatus for preassembling top nozzles for use with such 
fuel assemblies. 

The core portion of a nuclear reactor ordinarily 
includes a large number of elongate fuel elements, or rods, 
which are grouped and supported in frameworks known as fuel 
assemblies. Generally, a fuel assembly is an upright 
structure in which the fuel rods and control-rod guide 
thimbles are held in an organized array by means of grids 
spaced axially along the fuel assembly and affixed to the 
guide thimbles, and which structure includes upper and 
lower nozzles secured to opposite end portions of the guide 
thimbles. Within the reactor core, the fuel assemblies 
15 receive support and proper alignment from upper and lower 
core support plates which are directly or indirectly 
connected to a support barrel surrounding the reactor core 
and extending axially between the opposite ends thereof. 

The materials used in the support structures of 
fuel assemblies on the one hand and in the core support 
barrels on the other are of different kinds having differ- 
ent thermal expansion characteristics. Therefore, and due 
to the considerable length of some of the structural 
components employed, the difference in axial thermal 
expansion between the fuel assembly and core barrel struc- 
tures can be quite significant at the high temperatures 
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experienced in a reactor core during operation. In order 
to accommodate such axial expansion differential between 
fuel assemblies and core support barrel, it is customary to 
space the upper and lower core support plates apart a 
distance exceeding the axial length of the fuel assemblies, 
and with a gap usually left between the upper core support 
plate and the fuel assemblies. 

Most reactors are cooled by directing a liquid 
coolant, such as water, upward through apertures in the 
lower core support plate and along the fuel rods of the 
various fuel assemblies to receive thermal energy there- 
from. Due to the structural configuration of fuel assem- 
blies, the coolant may experience a significant pressure 
drop in passing through the core region, which pressure 
drop produces a force tending to lift the fuel assemblies. 
Although there may be instances where the weight o£ the 
fuel assembly is sufficient to overcome the hydraulic 
lifting forces under all operating conditions, more often 
than not this is not the case, especially at times when the 
coolant density is high, such as at reactor start-up, and 
when coolant flow rates are high. When the hydraulic 
lifting forces acting upon a particular fuel assembly 
exceed the weight of the fuel assembly, the latter assembly 
will tend to move upward and against the upper core plate. 
Such upward motion of the fuel assembly, if uncontrolled, 
may result in damage to the fuel assembly and the fuel rods 
or to the upper core plate and, therefore, must be avoided, 
which usually is done with the aid of a hold-down device 
adapted to prevent the upwardly flowing coolant from moving 
the fuel assembly forcibly against the upper core support 
plate of the reactor while allowing for changes in the fuel 
assembly length due to core-induced thermal expansion and 
the like. Such hold-down devices are disclosed in U.S. 
patent specifications Nos. 3,379,619; 3,770,583; and, 
4, 192, 719 > for example. 

A recent fuel assembly design having a top nozzle 
subassembly which includes hold-down means is disclosed in 
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European patent application No. 84307049.1 (Publication No. 
0138606) as including an upper bearing plate, a lower 
adapter plate, a plurality of guide thimble extension tubes 
extending between and through the plates, and a plurality 
of coil springs encircling the extension tubes and held 
partially compressed between the plates by a pair of 
retainers on the extension tubes, one of which retainers is 
a collar attached to the respective extension tube below 
the adapter plate so as to limit downward sliding movement 
of the adapter plate along the extension tube, and the 
other of which retainers is attached to an upper end 
portion of the respective extension tube and is lodged 
within a passageway in the bearing plate where it cooper- 
ates with an internal ledge to limit upward movement of the 
bearing plate along the extension tube. This top nozzle 
subassembly consists of a large number of components which 
must be assembled with precision in order that the sub- 
assembly can function properly when applied to the guide 
thimbles of a fuel asse mb ly. 

It is the principal object of the invention to 
provide ways and means enabling the components of a top 
nozzle with hold-down means to be preassembled into a 
complete subassembly with the required degree of precision 
reliably yet with relative ease and in a manner accommodat- 
ing tolerance mismatches. 

Accordingly, the invention provides an apparatus 
for preassembling a top nozzle subassembly for mounting on 
a plurality of guide thimbles of a fuel assembly, which 
preassembling apparatus comprises: (a) a base having a 
plurality of bores defined therein in a pattern which 
matches that of the guide thimbles, each of the bores being 
adapted to receive a lower end of one of a plurality of 
guide-thimble extension tubes; (b) compliant means disposed 
in the bores of the base and yieldable so as to support the 
extension tubes individually for vertical movement when the 
tubes are slidably received through respective holes 
defined in a lower adapter plate in a pattern matching that 
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of the guide thimbles , said extension tubes having thereon 
respective lower retainers attached thereto below the 
adapter plate so as to limit downward slidable movement of 
the adapter plate along the extension tubes, and the 
5 extension tubes are allowed to vertically move independent- 
ly of one another until their respective lower retainers 
are brought individually into engagement with a lower 
surface of the adapter plate for supporting the latter 
uniformly oh all of the lower retainers; (c) locating means 

10 insert able through passageways defined in an upper bearing 
plate in a pattern matching that of the guide thimbles, and 
insertable into upper end portions of the extension tubes, 
thereby to align the passageways individually with the 
respective extension tubes and to guide the upper ends of 

15 the extension tubes into the passageways when the bearing 
plate is supported on a plurality of coil springs disposed 
about the respective extension tubes and seated on the 
lower adapter plate, and when the bearing and adapter 
plates are moved relative to each other toward one another 

20 against the bias of the coil springs; and (d) loading means 
operable to generate a force effecting relative movement 6t 
the upper bearing and lower adapter plates toward one 
another, thereby to compress the coil springs therebetween 
and at the same time introduce upper end portions of the 

25 extension tubes into the passageways of the bearing plate 
for attachment of said upper end portions to upper retain- 
ers cooperating with the bearing plate so as to limit 
upward movement thereof relative to the extension tubes and 
thereby maintain the coil springs in a state of compres— 

30 sion. 

The preassembling apparatus includes further 
orienting means disposed between the base and the lower 
surface of the adapter plate to ensure that each extension 
tube and its respective lower retainer are disposed in a 
35 desired angular position in which peripheral scallops oh 
the lower retainer are axially aligned with fuel rods of 
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the fuel assembly where the top nozzle subassembly is 
mounted thereon. 

The invention also provides a method for preas- 
sembling the top nozzle subassembly, comprising the steps 
of: (a) yieldably supporting a plurality of guide thimble 
extension tubes individually at their respective lower ends 
for vertical movement when the tubes are slidably received 
through respective holes defined in a lower adapter plate 
in a pattern which matches that of the guide thimbles and 
with lower retainers attached to the respective tubes below 
the adapter plate so as to limit downward slidable movement 
of the adapter plate along the extension tubes, whereby the 
extension tubes are allowed to vertically move independent- 
ly of one another until their respective lower retainers 
are brought individually into engagement with a lower 
surface of the adapter plate so as to support the latter 
uniformly on all of the lower retainers; (b) aligning 
individual passageways, defined in an upper bearing plate 
in the pattern which matches that of the guide thimbles 
with the upper ends of the respective extension tubes; (c) 
guiding upper end portions of the extension tubes into the 
passageways when the upper bearing plate is supported on a 
plurality of coil springs disposed about the respective 
extension tubes and on the lower adapter plate, and when 
the bearing and adapter plates are moved relative to and 
toward one another against the bias of the coil springs so 
as to compress the latter; and (d) generating a loading 
force which causes relative movement of the upper bearing 
and lower adapter plates toward one another and compression 
of the coil springs therebetween, whereby the upper end 
portions of the extension tubes are brought into the 
passageways of the upper bearing plate for attachment 
thereof to upper retainers for limiting upward movement of 
the bearing plate relative to the extension tubes. 

The loading force generating step includes 
generating several separate loading force components at 
each lateral side of the upper bearing plate such that a 
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leveling adjustment of the position of the upper bearing 
plate relative to the lower adapter plate can be made 
concurrently as the springs are compressed between the 
lower adapter and upper bearing plates. 

A preferred embodiment of the invention will now 
be described, by way of example only, with reference to the 
accompanying drawings, in which: 

Figure 1 is a partially sectioned elevational 
view, with parts being broken away for clarity, of a fuel 
assembly including a preassembled top nozzle subassembly; 

Fig. 2 is a top plan view of the top-nozzle 
preassembling apparatus embodying the invention, with an 
upper cruciform loading plate of the apparatus shown as 
resting on the upper bearing plate of the top nozzle, and 
with portions of the top nozzle components broken away to 
expose lower retainers on guide- thimble extension tubes; 

Fig. 3 is a side elevational view of the top 
nozzle preasembling apparatus as seen when viewed in the 
direction of the arrows on line 3--3 of Fig. 2, showing the 
apparatus prior to preloading of compression springs 
between the upper bearing and lower adapter plates of the 
top nozzle; 

Fig» 4 is a side elevational view similar to Fig. 
3 but showing the apparatus after preloading of the com- 
pression springs; 

Fig. 5 is a side view of a locating pin as used 
with the preassembling apparatus for aligning the upper end 
of a guide-thimble extension tube with an associated 
passageway in the upper bearing plate, as seen in Fig. 3; 
and 

Fig. 6 is a bottom plan view of a lower orienta- 
tion plate forming part of the preassembling apparatus. 

In the following description, like reference 
characters designate like or corresponding parts throughout 
the several views of the drawings, and terms such ' as 
"forward", "rearward", "left", "right", "upwardly", "down- 
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wardly", and the like are employed as words of convenience 
not to be construed as limiting terms. 

Referring now to the drawings and particularly to 
Fig. 1 thereof, the fuel assembly shown therein and desig- 
nated generally with reference numeral 10 comprises a lower 
end structure or bottom nozzle 12 for supporting the fuel 
assembly on the lower core plate (not shown) in the core 
region of a reactor (not shown) , several control-rod guide 
tubes or thimbles 14 projecting longitudinally upward from 
the bottom nozzle 12 , a plurality of transverse grids 16 
axially spaced along the guide thimbles 14 , an organized 
array of elongate fuel rods 18 transversely spaced and 
supported by the grids 16 , an instrumentation tube 20 
located in the center of the fuel assembly, and an upper 
15 end structure or top nozzle 22 attached to the upper ends 
of the guide thimbles 14. The fuel assembly thus con- 
structed forms an integral unit capable of being conven- 
tionally handled without damage to its conqponent parts. 

The fuel assembly 10 is formed by attaching the 
20 transverse grids 16 to the guide thimbles 14 at predeter- 
mined axially spaced locations, then inserting the fuel 
rods 18 through the grids 16 from below, thereafter secur- 
ing the lower nozzle 12 to. the lower ends of the guide 
thimbles 14 in a suitable manner, such as by means of 
25 machine screws 24 # and finally attaching the top nozzle 22, 
forming a subassembly, to the upper ends of the guide 
thimbles 14, adapted, as well known in the art, to receive 
axially movable control rods (not shown) or the like when 
in use. 

30 In the embodiment illustrated herein, each of the 

control-rod guide thimbles 14 has connected to its upper 
end a separate extension tube 26 which is coaxial with the 
guide thimble 14, has a diameter similar to that of the 
guide thimble, and preferably is fastened to an upper end 

35 portion of the guide thimble by means of a suitable mechan- 
ical joint, such as one of more bulge fittings 27 of the 
kind well known in the art. 
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The extension tubes 26 together with the compo- 
nents of the top nozzle 22 form a complete subassembly 
preassembled, prior to being applied to the guide thimbles 
14,. by means of the apparatus embodying the invention. 
5 This subassembly , consisting of the top nozzle 22 together 
with hold-down mews and the extension tubes 26, comprises 
an enclosure 28 formed by a lower adapter plate 30 and a 
continuous sidewall 32 extending upward from the periphery 
of the adapter plate, and an upper hold-down or bearing 

10 plate 34 slidably received in an upper portion of the 
enclosure 28. The lower adapter plate 30 has therethrough 
a plurality of hQles 36 which correspond in number to the 
extension tubes 26 needed to match with the guide thimbles 
14 of the fuel assembly 10 , which furthermore are sized to 

15 slidably receive the extension tubes 26 , and which are 
arranged in accordance with the array of guide thimbles 14 
desired to have extension tubes 26 attached thereto. The 
upper bearing plate 34 is substantially thicker than the 
lower adapter plate 30 / and it has therethrough a plurality 

20 of passageways 38 arrayed so as to be axially aligned with 
the respective holes 36 when the bearing plate 34 is in 
place for receiving the extension tubes 26. Each passage- 
way 38 is formed by a bore 40 having a diameter enabling 
the associated extension tube to slidably extend through 

25 the bore, and a coaxial counterbore 42 larger in diameter 
than the bore 40, the transition between the bore 40 and 
the counterbore 42 defining an upwardly facing internal 
ledge 44. 

The top nozzle 22 includes further as many coil 
30 springs 46 and as many pairs of lower and upper retainers 
48, 50 as there are extension tubes 26. Each coil spring 
46 is disposed around the associated extension tube 26 and 
extends between the upper surface 52 of the adapter plate 
30 and the lower surface 54 of the bearing plate 34. The 
35 lower and upper retainers 48, 50 of the various pairs are 
affixed to the respective extension tubes 26 and they coact 
with the adapter and bearing plates 30, 34, respectively, 
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in such manner as to hold the coil springs 46 in a state of 
partial compression. 

More particularly, each lower retainer 48, being 
in the form of a collar having peripheral scallops 56 (Fig. 
2), is affixed, such as by brazing, to one of the extension 
tubes 26 at a level below the adapter plate 30 so as to 
limit downward sliding movement of the adapter plate 30 
along the tube 26. Each upper retainer 50, likewise in the 
form of a collar, encircles an upper end portion of the 
extension tube 26 and is sized to fit in the counterbore 42 
of the associated passageway 38 in the upper bearing plate 
34, the upper retainer 50 having an internal annular groove 
60 and being affixed to the extension tube 26 by circumfer- 
entially bulging an annular portion 62 of the tube 26 into 
the annular groove 60. Engaging the internal ledge 44 
within the passageway 38, the upper retainer 50 limits the 
upward sliding movement of the bearing plate 34 along the 
extension tube 26. In order to maintain each coil spring 
46 in coaxial alignment with the associated extension tube 
26 and thereby prevent it from making physical contact with 
it, each coil spring 46 is provided adjacent its lower end 
with a seating member 64 which is seated in a counterbore 
66 formed in the upper surface 52 of the adapter plate 30 
concentrically with respect to the hole 36 having the tube 
26 extending therethrough. 

From the preceding description, it will be 
apparent that the top nozzle 22 consists of many individual 
components assembled together. For instance, the particu- 
lar fuel assembly 10 illustrated in Figs. 1 through 4 is of 
a type having a square array of fuel rods 18 with sixteen 
control-rod guide thimbles 14 strategically arranged among 
them; consequently, there are sixteen extension tubes 26, 
one enclosure 28, one bearing plate 34, sixteen coil 
springs 46, sixteen lower retainers 48, sixteen upper 
retainers 50, and sixteen spring seats 64. In order to 
permit all of these components to be properly assembled 
into a complete subassembly reliably and with relative 
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ease, the top-nozzle preassembling apparatus embodying the 
invention has been provided which will now be described in 
detail. 

. Referring particularly to Figs 2 to 4, the 
5 top-nozzle preassembling apparatus, designated generally 
with numeral 68, includes a generally rectangular platform 
or base 70 which has a plurality of bores 72 formed therein 
in a pattern matching the one of the guide thimbles 14 in 
the fuel assembly 10, and compliant means in the form of 

10 spring- loaded pistons 74 disposed and guided for axial 
movement within the respective bores 72, each of which 
latter has seated therein a helical spring 76 yieldingly 
supporting the associated piston 74. The apparatus 68 
includes further locating means in the form of a plurality 

15 of pins 78 (also seen in Fig. 5) which are insertable 
through the respective passageways 38 of the bearing plate 
34 and into upper end portions of the respective extension 
tubes 26 so as first to axially align the passageways 38 
individually with the associated extension tubes 26 and 

20 then to guide the upper end portion of the latter into the 
respective passageways 38 associated therewith. The 
apparatus 68 also includes loading means comprising a 
cruciform loading plate 80 (see also Fig. 2), and adjust- 
able means 86 for actuating the loading plate 80. When 

25 placed upon the bearing plate 34 as shown in Figs. 2 and 3, 
the cruciform plate 80 has end portions 82 thereof extend- 
ing beyond the lateral sides 84 of the bearing plate, the 
adjustable means 86 cooperating with the end portions 82 of 
the loading plate 80 to interconnect the latter with the 

30 base 70, and being individually adjustable so as to apply a 
separate loading force component at each lateral side of 
the bearing plate 34 for leveling the latter as it is being 
advanced toward the adapter plate 30 against the action of 
the coil springs 46. Finally, the preassembling apparatus 

35 68 includes orientation means in the form of a generally 
rectangular orientation plate 88 (see also Fig. 6) adapted 
to be interposed between the base 70 and the adapter plate 
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30, and at least two aligning pins 90 disposed on and 
extending upward from the orientation plate 88 adjacent 
each of a plurality of openings 92 formed through the 
orientation plate 88 to enable the respective extension 
5 tubes 26 to extend therethrough. As seen from Fig* 2, the 
pins 90 cooperate with the scallops 56 . in the lower retain- 
ers 48 so as to place the latter and, hence, the scallops 
in predetermined angular positions, for a purpose to be 
described later herein, 

10 In order to assure proper assemblage of the top 

nozzle components, four interface requirements must be met. 
First, all of the lower retainers 48 affixed to the exten- 
sion tubes 26 must be in physical contact with the lover 
surface of the adapter plate 30 in order to assure against 

15 load maldistribution. Second, all of the extension tubes 
26 must be inserted simultaneously into the passageways 38 
of the bearing plate 34 as the bearing plate is lowered in 
place within the enclosure 28 sidewall 32 against the 
action of the coil springs 46. Third, means must be 

20 provided to compress the hold-down coil springs 46, to 
permit adjustment for leveling the bearing plate 34, and to 
provide access enabling the annular portions 62 of the 
extension tube 26 to be expanded into the upper retainers 
50. Fourth, means must be provided to angularly position 

25 or orientate the lower retainers 48 so as to radially align 
their peripheral scallops 56 with fuel rods 18 grouped 
about the respective guide thimbles 14 in order that such 
fuel rods can be removed and replaced during reconstitution 
of the fuel assembly. 

30 The first requirement is met by means of the 

spring- loaded pistons 74 in the bores 72 of the base 70. 
Each bore 72 has a size enabling it to freely receive a 
lower end portion of the associated extension tubes 26, 
when inserted therein through the aligned hole 36 in the 

35 adapter plate 30, the spring- loaded piston 74 within the 
bore yieldably supporting the extension tube 26 axially. 
Thus, with all of the lower retainers 48 affixed to the 
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respective extension tubes 26 below the adapter plate 30 , 
and with the extension tubes 26 freely slidable in the 
holes 36 of the adapter plate 30 and yieldably supported by 
the pistons 74, the tubes 26 can be vertically moved 
5 independently of one another so as to enable the lower 
retainers 48 on all of the tubes to be brought individually 
into engagement with the lower surface 58 of the adapter 
plate 30, thereby ensuring substantially uniform support of 
the adapter plate 30 over the full extent thereof. More 

10 particularly, and referring to Figs. 3 and 4, when the 
bearing plate 34 is depressed, it acts through the springs 
46 to force the adapter plate 30 against the lower retain- 
ers 48 on the tubes 26. Assuming that due to normal 
manufacturing tolerances the retainers 48 are not all at 

15 exactly the same level, the lower surface 58 of the down- 
wardly moving adapter plate 30 will engage first* the 
retainers 48 at the highest level and then successively 
those at the lower levels, the compliant means 74, 76 
allowing the adapter plate 30, upon engagement thereof with 

20 the retainers 48 at each level to depress the latter 
together with their associated extension tubes 26 to the 
next lower level until the lower surface 58 of the adapter 
plate 30 makes physical contact with the retainers 48 on 
all extension tubes 26. The compliant action of the 

25 spring-loaded pistons 74 is illustrated in Figs. 3 and 4 
wherein one of the pistons is shown depressed more than the 
others. It will be appreciated that instead of providing 
soft compliance by means of coil springs, such as the 
springs 76 employed in the illustrated embodiment, other 

30 compliant means could be utilized, such as stacked Belle- 
ville washers, rubber pads, or the like. 

The second requirement is met through the func- 
tion concurrently performed by the locating pins 78. As 
seen from Figs 3 to 5, each of the pins 78 includes an 

35 upper portion 94, consisting of a head 96 and a neck 98 for 
supporting the pin 78 on the bearing plate 34 stationarily 
relative thereto. Since the head 96 is larger in diameter 
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and the neck 98 is smaller in diameter than the counterbore 
42, the head 96 will rest upon the upper surface 100 of the 
bearing plate 34, while the neck 98 will extend within an 
upper portion of the associated counterbore 42. Each of 
the pins 78 includes also a lower portion 102 consisting of 
an upper body 104 and a lower body 106 which are insertable 
through the upper counterbore 42 and lower bore 40 and into 
the upper end portion of the associated extension tube 26 
so as to define a guideway or entry channel 108 (see the 
pins 78 shown in phantom in Figs. 3 and 4) for the upper 
end of the extension tube into the passageway 38 and within 
the upper retainer 50 seated therein on the ledge 44. 
Since the upper and lower bodies 104, 106 are both smaller 
in diameter than the bore 40 and the internal , diameter of 
the retainer 50 on the ledge 44, both bodies are axially 
movable through the passageway 38 and the upper retainer 50 
therein. Since the diameters of the upper and lower bodies 
104, 106 of the pin 78 are the same as the outside diameter 
and the inside diameter, respectively, of the tube 26, the 
annular space about the lower body 106 occupied by the 
upper end of the tube 26 defines the aforementioned entry 
channel 108 for the tube 26 into the passageway 38 as the 
bearing plate 34 is moved from its position shown in Fig. 3 
downwardly toward the adapter plate 30 against the bias of 
25 the coil springs 46, upon which the upper bearing plate 34 
is initially positioned, to the position shown in Fig. .4. 

Although only one locating pin 78 is illustrated 
in Figs. 3 and 4, it will be understood that all of the 
pins (sixteen in the illustrated embodiment) are inserted 
into the respective passageways 38 of the upper bearing 
plate 34 to initially set up the apparatus 68. Specifical- 
ly, when the bearing plate 34 is initially set down upon 
the hold-down springs 46, a gap exists between the upper 
ends of the extension tubes 26 and the lower surface 54 of 
the bearing plate 34. When the pins 78 are inserted into 
the passageways 38, their lower bodies 106 project below 
the bearing plate 34 while their heads 102 rest upon the 
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upper surface 100 thereof. The lower body 106 of each pin 
78 has a tapered end 110 which leads into the extension 
tube 26. As the bearing plate 34 is depressed toward the 
adapter plate 30 / the upper end of each extension tube 26 
eventually engages a shoulder 112 formed by the transition 
between the lower and upper bodies 106, 104, and lifts the 
pin 78 partially out of the associated passageway 38, as 
shown in Fig. 4, before the upper end portion of the 
extension tube 26 is completely positioned within the 
retainer 50 seated in the passageway 38. The pins 78 thus 
lifted can then be easily removed from the bearing plate 34 
to permit a suitable tool (not shown) to be inserted into 
each passageway 38 for the purpose of forming a bulge, as 
at 62 (Fig. 1) affixing the extension tube to the retainer 
50 seated in the passageway 38. 

The third requirement mentioned above is met by 
means of the cruciform loading plate 80 and the adjustable 
means 86. The cruciform plate 80 is placed upon the upper 
surface 100 of the bearing plate 34, its cruciform configu- 
ration enabling it to overlie the bearing plate without 
obstructing any of the passageways 38, and thereby permit- 
ting the locating pins 78 and bulging tools (hot shown) to 
be inserted into the passageways 38. The cruciform shape 
of the loading plate 80 also facilitates the application, 
at the lateral sides 84 of the bearing plate 34, of sepa- 
rate components of the loading force required to move the 
bearing plate 34 toward the adapter plate 30 against the 
action of the coil springs 46, which manner of applying the 
loading force permits the bearing plate 34 to be leveled 
relative to the adapter plate 30 concurrently with compres- 
sing the coil springs 46 and with inserting the upper ends 
of the extension tubes 26 into the retainers 50 within the 
passageways 38 of the loading plate 34. 

As seen from Figs- 3 and 4, the adjustable means 
86 comprise four threaded studs or rods 114 extending 
through openings in the respective end portions 82 of the 
cruciform loading plate 80 and threaded into the base 70 to 
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which they are locked by nuts 118, and threaded fasteners 
116 threadedly with upper end portions of the respective 
rods 114. By advancing the fasteners 116 and the rods 114, 
the loading plate 80 and, consequently, the bearing plate 
5 34 beneath it are forced downward and toward the adapter 
plate 30, a level disposition of the bearing plate 34 being 
readily maintained through appropriate use of the fasteners 
116 as the latter are operated to advance the loading 
plate* Once the correct height of the bearing plate 34 

10 above the adapter plate 30 is reached, such as seen from 
Fig. 4, the locating pins 78 are removed and a suitable 
bulge tool (not shown) is used to expand the bulges 62 
(Fig. 1) on upper end portions of the extension tubes 26 
into the annular grooves 60 of respective retainers 50. 

15 The fourth of the above-mentioned requirements is 

met by means of the orientation plate 88 and the alignment 
pins 90 thereon. The alignment pins 90 provide a visual 
go/no-go check for ensuring that the angular position of 
each extension tube 26 together with the lower retainers 48 

20 thereon is correct. The orientation plate 88 (see also 
Fig. 6) is disposed between the upper surface 120 of the 
base 70 and the lower surface 58 of the adapter plate 30. 
In the illustrated embodiment, the plate 88 has sixteen 
openings 92 through which the extension tubes 26 extend, 

25 and two alignment pins 90 adjacent each of the openings 92. 
The pins 90 are positioned such that, when the bearing 
plate 34 is lowered and the heads or uppermost ends of the 
pins 90 properly enter a pair of the scallops 56 defined on 
the periphery of the respective retainer 48, the angular 

30 position of the latter is correct. On the other hand, if a 
given retainer 48 strikes the associated pins 90 upon being 
lowered, this is an indication to the effect that the 
retainer is angularly misaligned, whereupon its angular 
position can be readily corrected simply by rotating the 

35 associated extension tube 26 until two of the scallops 56 
of its lower retainer 48 are properly aligned with the pins 
90 enabling them to enter. 
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From the foregoing description it will be appar- 
ent that the preassembling apparatus 68 embodying the 
invention meets the four above-mentioned requirements for 
achieving a proper assembly of the top nozzle components as 
a complete subassembly ready to be subsequently applied to 
the skeleton of a fuel assembly. 
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Claims : 



1. An apparatus for preassembling a top nozzle 
subassembly for subsequent mounting thereof on a plurality 
of guide thimbles of a fuel assembly, characterized by the 
combination comprising: 

5 „ (a) a baso < 70 > ^ving a plurality of bores (72) 

formed therein in a pattern matching the pattern of said 
guide thimbles (14), each of said bores (72) being adapted 
to receive a lover end portion of one of a plurality of 
guide-thimble extension tubes (26); 
10 . (b) com Pli** means (74, 76) disposed in said 

bores (72) of the base (70) for yieldably supporting said 
extension tubes (26) individually so as to permit vertical 
movement thereof when the extension tubes are inserted 
through respective holes (36) formed in a lover adapter 
15 Plate (30) in said pattern matching that of the guide 
thimbles, said extension tubes having thereon lover retain- 
ers (48) which are affixed to the respective extension 
tubes below said adapter plate (30) and which limit down- 
yard movement of said latter along said extension tubes 
(26), the arrangement being such as to enable the extension 
tubes (26) to vertically move independently of one another 
until all of their respective lower retainers (48) thereon 
are brought individually into engagement with a lower 
surface (58) of the adapter plate (30) so as to support the 
latter uniformly on all of said lower retainers (48). 
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(c) locating means (78) insertable through 
passageways (38) formed in an upper bearing plate (34) in 
said pattern matching that of the guide thimbles (14) # and 
insertable into upper end portions of the extension tubes 
(26) so as to align said passageways (38) individually with 
the respective extension tubes (26) and to guide said upper 
end portions of the extension tubes into said passageways 
(38) while said upper bearing plate (34) is supported on a 
plurality of coil springs (46) disposed about the respec- 
tive extension tubes (26) and on said lower adapter plate 
(30), and while said bearing and adapter plates (30, 34) 
are moved relative to and toward one another against the 
bias of said coil springs (46) to compress the latter; and 

(d) loading means (80, 86) operable to generate 
a force effecting relative movement of said upper bearing 
and lower adapter plates (34, 30) with respect to and 
toward one another, and thereby effecting compression of 
the coil springs (46) therebetween while the bearing plate 
(34) is supported on the coil springs (46) and said locat- 
ing means (78) extend through said passageways (38) of said 
bearing plate (34) and into said upper end portions of the 
extension tubes (26), whereby said upper end portions of 
the extension tubes (26) are introduced into said passage- 
ways (38) of the upper bearing plate (34) for attachment 
thereof to upper retainers (48) which cooperate with the 
bearing plate so as to limit upward movement thereof 
relative to the extension tubes (26) and thereby hold the 
coil springs (46) between the adapter and bearing plates in 
a state of compression. 

2. A preassembling apparatus according to claim 
1, characterized in that said compliant means (74, 76) 
comprise a plurality of pistons (74) each disposed within 
one of said bores (72) in the base (70) so as to indivi- 
dually support the extension tube (26) having its lower end 
inserted in the bore, and a plurality of springs (76) each 
associated with one of said pistons (74) and biasing same 
in an upward direction. 



• • .Q189.133 „ 



19 



• • ■ % % 

3. A preassembling apparatus according to claim 
1 or 2, characterized in that said locating means (78) 
comprise a plurality of pins (78) each having an upper 
portion (94) for seating the pin upon the upper bearing 
plate (34) and for positioning the pin coaxially with 
respect to one of said passageways (38) in the bearing 
plate, and a lower portion (102) insertable through said 
passageway (38) and into the upper end portion of the 
extension tube (26), said passageway and said lower portion 
(102), when inserted therein, defining therebetween an 
entry channel (108) enabling the upper end portion of the 
extension tube to be inserted into said passageway (38). 

4. A preassembling apparatus according to claim 
1, 2 or 3, characterized in that said loading means (80, 
86) comprises a loading plate (80) disposed upon said upper 
bearing plate (34) in overlying relation with respect 
thereto, and means (86) interconnecting said loading plate 
(80) with said base (70) and adjustable to effect movement 
of the loading plate (80) toward said base (70), and 
thereby to effect movement of the upper bearing plate (34) 
toward the lower adapter plate (30) and compression of said 
coil springs (46) therebetween. 

5. A preassembling apparatus according to claim 
4, characterized in that said loading plate (80) is of 
cruciform shape with end portions (82) thereof projecting 
beyond different lateral sides (84) of the upper bearing 
plate (34), and the interconnecting means (86) comprised of 
a plurality of elongate rods (114) with adjustable fasten- 
ers (116) thereon, each of said rods (114) extending 
between said base (70) and one of said end portions (82) of 
the cruciform loading plate, and said fasteners (116) being 
individually adjustable on the respective rods (114) so as 
to apply separate loading force components at the lateral 
sides (84) of the bearing plate (34), the arrangement being 
such as to permit leveling adjustment of the bearing plate 
(34) relative to the adapter plate (30) to be made concur- 
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rently with compressing said springs (46) between the 
adapter and bearing plates (30, 34). 

6. A preassembling apparatus according to any 
one of the preceding claims, characterized in that said 
combination includes orienting means (88, 90) disposed 
between said base (70) and the lower surface (58) of said 
adapter plate (30) for ensuring proper orientation of each 
extension tube (26) together with the lower retainer (48) 
thereon in a predetermined angular position in which 
peripheral scallops (56) formed on each lower retainer (48) 
are axially aligned with fuel rods (18) around the respec- 
tive guide thimble (14) of said fuel assembly (10) when the 
preassembled top nozzle subassembly (22) is mounted 
thereon. 

7. A preassembling apparatus according to claim 
6, characterized in that said orienting means (88, 90) 
comprise an orientation plate (88) disposed between said 
base (70) and the lower surface (58) of said adapter plate 
(30), said plate (88) having formed therein a plurality of 
openings (92) for receiving the respective extension tubes 
(26), and at least two alignment pins (90) disposed on and 
extending upward from said orientation plate (88) adjacent 
each of said openings (92) so as to register with two of 
the scallops (56) of the associated lower retainer (48) 
only when the latter is disposed in said predetermined 
angular position. 

8. A method of preassembling a top nozzle 
subassembly for subsequent mounting thereof on a plurality 
of guide thimbles of a fuel assembly, characterized by the 
steps of: 

(a) yieldably supporting a plurality of guide 
thimble extension tubes (26) individually at their respec- 
tive lower ends so as to permit vertical movement thereof 
enabling, when the tubes (26) are slidably received through 
respective holes (36) in a lower adapter plate (30), lower 
retainers (48) affixed to the respective tubes below said 
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adapter plate (30) to be brought individually into engage- 
ment with a lower surface (58) of said adapter plate (30); 

(b) aligning individual passageways (38) in an 
upper bearing plate (34) axially with upper end portions of 
the respective extension tubes (26); 

(c) guiding said upper end portions of the 
extension tubes for insertion into said passageways (38) 
while said bearing plate (34) is supported on a plurality 
of coil springs (46) diBposed about said respective exten- 
sion tubes (26) and supported on said lower adapter plate 
(30); and 

(d) generating a loading force effecting rela- 
tive movement of said bearing and adapter plates (34, 30) 
toward one another and hence compression of the coil 
springs (46) therebetween, thereby to insert said upper end 
portions of the extension tubes (26) into said passageways 
(38) for attachment thereof to upper retainers (48) dis- 
posed in the passageways and cooperating with the bearing 
plate (34) in a manner limiting upward movement thereof 
relative to said extension tubes (26) and thereby holding 
said coil springs (46) in a state of compression. 

9. A preassembling method according to claim 8, 
characterized by the additional step of orienting each of 
said extension tubes (26) together with the lower retainer 

2S (48) thereon so as to place the latter in a predetermined 
angular position in which peripheral scallops (56) on the 
lower retainer (48) are axially aligned with fuel rods (18) 
of said fuel assembly (10) when the preassembled top nozzle 
subassembly is mounted thereon. 

30 10. A preassembling method according to claim 8 

or 9, characterized in that said loading-force generating 
step consists in generating separate components of said 
loading force at the respective lateral sides (84) of said 
upper bearing plate (34) so as to level the upper bearing 

35 plate (34) relative to said lower adapter plate (30) 
concurrently with compressing said springs (46) between the 
adapter and bearing plates (30, 34). 
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Fig. 6 
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